Introduction
Previous six dimensional linac orbit calculations performed with a computer program, in which the beam bunch is described as collection of approximately 500 uniformly charged spheres,suggested the fo 1 lowing conc1usions.r 1. The beam can be matched to both the longitudinal and transverse admittances of the linac according to a simple prescription based on the ellipsoidal model.
2, With beams from recently
developed preinjectors focussed by sufficiently high quadrupole gradients in the beginning of the linac, output intensities up to several hundred milliamperes can be achieved.
3. There is a considerable*emittance growth in beams with brightness, B, of 10' and higher. This appears to be caused by non-linear space charge forces.
Results 2 and 3 are consistent with experimental measurements carried out with the 50 MeV linacs at CEF@ and BNLa3 using high brightness preinjectors.
It is the purpose of this paper to further investigate the nature and magnitude of space charge induced transverse emittance growth. As will be seen, the result of this study suggests that conventional bunching schemes do not yield optimal linac performance with regard to conservation of transverse emittance in bright beams.
Calculations and Results
All calculations were done assuming a beam current of 100 mA. For this current the BNL preinjector provides a normalized transverse emittance of 0.09 n cm-mrad. Machine parameters of the BNL 200 MeV injector linac were used unless otherwise mentioned.
Computer runs were made up to 10 MeV. Transverse emittances were calculated by a rms method. Figure 3 shows the normalized transverse emittance at 10 McV as function of initial quadrupole gradient, for initial normalized emittances of 0.009 and 0.09 n cm-rnrad using both "weak" and strong focussing.
As can be seen from Fig. 3 , for the two lower gradients, the use of strong focussing causes a very minor increase in the emittance at 10 MeV over the corresponding value obtained with'keak'focussing, Only in the case of the highest initial gradient does the use of strong focussing make the transverse phase space area at 10 MeV considerably larger.
However, in this case'beak'focussing, too, yields a higher value for this quantity. The increase of these effects, which showed up in the computer runs, for the highest gradient and its corresponding small matched beam radius, might be traced back to the presence of high local charge densities, near the axis of the linac, caused by the irregular nature of the random initial distribution. It should also be pointed out that the step-wise integration of space charge forces, used in the program, becomes less justified as the wavelength of the trensverse oscillations goes down. 
Calculations
were also performed using an equivalent ++--strong focussing system (by equivalent is meant that the betatron phase advance per linac cell*is the same as that in the previously used +-+-system).
It should be noted that the 50 MeV linacs at CERN and at BNL both use this focussing scheme. Figures 7 and 8 
Conclusions
Results from numerical calculations, described in this program, indicate that the transverse emittance of bright linac beam grows primarily through space charge induced longitudinal-transverse coupling.
Computations also show that excessive transverse phase space dilution can be prevented if the ratio of longitudinal to transverse emittance is smaller than or, at the most, equal to one at the beginning of the linac. This would require an input energy spread of only a few keV, assuming currently conventional values for other beam and machine parameters.
Comparison of results regarding transverse emittance growth, which were obtained with +-+-and ++--focussing systems, suggest that the +-+-system is by far preferable if bad deterioration of transverse beam quality is to be avoided. 
